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STATISTICAL EVALUATION OF ARSENIC IN GRQUNDWATER

Congentrations of arsenic in wells MW06SB, MWORSB, MW(9SB, and MW16SB will be
compared to intrawell baseline concentrations using combined Shewbhart-cumulative sum
(CUSUM) control charts (U.S. EPA, February 1989; p. 7-5). Contlrol charts are
recommended by the U.S. EPA as “an cffective techinique for monitoring the levels of a
constituent at a given well over time" (February 1989; p. 7-1). Once constructed, control
charts can be evaluated graphically over time, allowing wends and changing conditions to
be easily detected. Control charts are appropriate for the evaluation of frequently detected
parameters and are particularly useful for evaluating naturally occurting parameters.

Basic assumuptions underlying the use of control charts include the assumptions that the
data being evaluated are normally and independently distributed. Therefore, baseline
arsenic datg will be evaluated for distributional assumptions on a well by well basis prior
to completing the control charts using the Shapiro-Wilk Test of Normality (U.S, EPA,
Tuly 1992; pp. 9-12).

The procedure for constructing Shewhart-CUSUM control charts, described in detail in
U.S. EPA guidance (February 1989; pp. 7-7 and 7-8), is summarized below. Throughout
this section, the data to be collected after basclinc conccntrations arc cstablished are
referred to as "foreground data,” To construct the control charts, the following variables

will be calculated:
X, —-X
ZI = ( i )
8
S, = max{0,(Z,-k)+S,_, }

where

Z, = the standardized Shewhart value at sample event i,

S, = the CUSUM value at sample event i (S, = 0 prior to the first

foreground sample event upon completion of baseline sampling),

X, = individual foreground concentration at sample event i,

X = mean of intrawell baseline data,

s =  standard deviation of intrawell baseline data, and

k = 1, areference value recommended in U.S. EPA guidance (February

1989; p. 7-8).
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The standardized Shewhart value, Z,, represents the nwinber of standard deviations an

individual foreground concentration of arsenic falls from the mean concentration of
baseline data and is, therefore, sensitive to rapid increases in arsenic concentrations. The
CUSUM value, §;, is more sensitive 1o gradual increases or shifts in concentrations over a
longer span of ime because it accumulates positive deviations from the baseline mean.
That is, if several positive Z, valnes occur consecutively (because foreground
concentrations are consistently higher than the baseline mean concentration), the CUSUM
value will continue to grow until concentrations decrease and offset the accumulated
value. However, some flexitility is built into the CUSUM value by accumulatng only
positive deviations which are more than onc standard deviation from the bascline mean.

The value of k represents this allowable deviation froru the baseline mean.

Once the intrawcll bascline data scts are complete, values of Z; and $; corresponding to
the first foreground sample event (where i = 1) and all subsequent sample events will he
plotted versus time. The control charts will then be evaluated for evidence of a
statistically significant increase. The following limits will be used to evaluate the
standardized Shcwhart value and the CUSUM values as recommended in U.S. EPA
guidance (February 1989: p. 7-8):

SCL
h

4.5, the Shewhart control limit, in units of standard deviation;

5, the decision interval value for the CUSUM:

A valuc of 8; which exceeds the CUSUM decision interval value of 5 will indicate a

statistically significant increase in arsenic concentrations. However, a single value of 2,
which exceeds the SCL of 4.5 will not be considercd a statistically significant increase
since Z; is more sensitive to sporadic changes in ground water quality. Because the nature
of ground warer monitoring statistics is such that occasional individual outlier values
nccur due to the many potential sources of variation in handling and proccssing of
samples, the conclusion that a statistically significant increase has occurred will rot be
made until two successive Z; values exceed the SCL of 4.5. This "two-in-a-row" rule is
described in the technical report Evaluation of Control Chart Methodologies for RCRA
Waste Sites (Starks, 1989; p. 21). Thercfore, if Z; cxceeds the SCL but Z; did uot
exceed the SCL, the current result will be flagged for confirmation by the next quarterly
event and the sampling event will be considered "quesiionable.”
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If a control chart indicates a "questionable" sampling event or statstically significant
change, monitoring data for arsenic may be evaluated for seasonal effects and, if detected,
adjusted for prior to reconswucting the control chart.  Although seasonal effects are
difficult to accurately assess based on less than two years of data, they may be more fully
evaluated as more data become available for each well.
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2t) = Siandarized Yalees
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(1) = CUSUM
3¢1) low = Lower CUSUM (pH only)
If 5(t; or 8¢t) low > A, conclude a statistically
significant difference.
If Z(1) > SCL for two consecsiive sampling
everts, conclude g statistically significant difference.
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